The necessity of orthopedic implant removal is under intense discussion and even if it is performed as an elective procedure, the risk of complications is present. Aim of the study was to identify parameters responsible for an increased risk of early post-operative complications after elective aseptic orthopedic implant removal. We reviewed 1,545 cases of aseptic and elective orthopedic implant removal between 2009 and 2011. The patient́s demographic data, time and duration of operation, patient́s comorbidities, and presence of complications in the first 4 weeks after implant removal were evaluated. Patients with signs of infection at the time of the surgical procedure were excluded from this study. 579 women and 966 men who underwent elective aseptic orthopedic implant removal were identified. Mean age at implant removal was 42 years and mean duration of the surgical procedure was 37 min. In this cohort, 70 patients (4.5%) underwent elective aseptic implant removal after 6pm. 52 patients (3.37%) operated on during daytime suffered from complications post-operatively and five patients (0.3%) who were operated on during the night experienced complications. The parameters age, sex, BMI, and surgeon showed no statistically significant differences for the risk of post-operative complications. Patients' comorbidities such as diabetes seem to have influence but were not statistically significant either. Patients with revision surgery since their first operation, nocturnal surgery and longer duration of the procedure showed a statistically significant higher risk for complications, especially in the lower leg. ß
Orthopedic implant removal is one of the most frequent surgical procedures of the musculoskeletal system. It accounts for between 5 and 15% of all orthopedic procedures in the US.
1,2 Some 50-60% of the implant removal procedures are elective and not caused by infection. 3 In Europe, indication for implant removal is found more often compared to the US. 4 Being aware of the risks and possible complications is very important for a rationale indication. There are currently no guidelines or evidence-based recommendations for this.
Of course there are absolute indications for orthopedic implant removal for reasons such as pain, allergies or a functional disturbing implant, [5] [6] [7] [8] [9] but depending on the region, there are specific differences. Looking at the upper extremity, clavicle plates, and tension-band wiring of the olecranon often cause pain or discomfort. [7] [8] [9] To preserve the radial nerve, humeral plates should not be removed unless absolutely necessary. Hip screw removal should also only be performed in younger patients because the removal causes a big defect in the femoral head. 9 In the knee region, screws and nails can harm cartilage and cause impingement and should therefore be removed. 2, 6, [10] [11] [12] [13] [14] Implant removal of the distal fibula risks irritation of the peroneal nerve and indications for this removal should be formulated carefully. Plates in the ankle region and forefoot can cause problems while wearing shoes 6 . Broken plates or nails are more difficult to remove. 15 In children, implant removal is recommended and should be performed routinely. 5 In general, changes in biomechanics are less important in the upper extremity. For biomechanical reasons, implant removal should be performed in long bones, because broad plates reduce bone elasticity and increase risk for fractures. 6, 16 Age is a relative indication for implant removal: From the age of 60, implants should be not removed, if there are no other reasons for removal. 9 Some patients feel discomfort with an implant so that the patient's wish for removal is one of the most common reasons for this procedure.9.17 The right time of implant removal depends on fracture healing, bone remodeling, implant material, and localization. 16, 18, 19 The actual surgical procedure of implant removal involves the risk of complications such as infection or wound healing problems, anesthesiological problems or irritation of nerves, or damage on tendons or vessels. 13, 20 Re-fractures occur in up to 30%, implantassociated fractures are rare. 2, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Removal of galled locking screws can lead to long duration of the surgery and higher complication rates. 31, 32 Re-fracture, wound healing problems and hematoma mostly occur after intramedullary nail removal. 9, 12, 33, 34 Sometimes, leaving the implant in situ may be an advantage.
The aim of this study was to determine risk factors for complications after aseptic and elective orthopedic implant removal. We hypothesize that the time, duration or localization of this surgery influences the occurrence of complications. 
PATIENTS AND METHODS

Study Design
Analytic retrospective study (Level of Evidence: III).
RESULTS
Between January 2009 and November 2011, 1,538 patients (563 men, 931 women, mean age 40 years (range 1-92 years)) received aseptic elective orthopedic implant removal and 44 were excluded on the basis of the inclusion and exclusion criteria.
A total of 1,385 patients were classified in group A, 58 in group B, 46 in group C, and five in group D (Table 1) . Indications for implant removal are illustrated in Table 2 . 29% of patients without complications (groups A and B) stated pain as indication for implant removal, whereas pain was stated in 43% of the patients in groups C and D, which was a statistically significant difference (Student's t-test, p ¼ 0.029). Implant removal was performed at a mean of 367 days (range 1-4397) after implantation. In patients with complications (groups C and D), implants stayed significantly longer in situ compared to groups A and B (Student's t-test, p ¼ 0.009). Implant removal in the ankle region and the calcaneus showed more complications with a longer interval of implant remaining, especially in group D. Patients with post-operative complications had significantly more revision surgeries before implant removal (p < 0.0001). Mean operation time was 42 min (5-312) with significantly longer duration in group D compared to group B in general (p ¼ 0.037) and especially in the humerus (p ¼ 0.027) and ankle region (p ¼ 0.0016, Student's t-test, respectively).
There was no difference regarding duration of surgery, complications and surgeonś experience. Patients of group C and D showed a significantly longer stay in hospital (mean 16 and 12 days, range 11/1 to 32/80, respectively) compared to groups A and B (mean 6.5 days, range 1-91)(p < 0.001). At last follow-up, 1,443 patients (96.5%) were free of complaints.
Of 63 patients (4.2% of all patients) operated during the night, 58 patients (92.1% of patients operated by night and 3.8% of all patents) showed no complications but five (7.9% of 63, 0.3% of all patients) operated on during the night did. Of 1431 patients (95.8%) operated on during daytime, 46 patients (3.2%) showed complications (group C). Surgical procedures between 6 p.m. and 7 a.m. showed a higher complication rate (chi 2 -test, p ¼ 0.048) ( Table 3) . Patients between 36 and 65 years of age showed most complications. Lower extremity was more affected than upper extremity (p ¼ 0.011). Implant removal of the calcaneus (13.6%), after complete lower leg fracture (6.4%), fibula (5.6%), and tibia (4.7%) show highest complication rates. In the humerus, 84 plate and 14 nail removals were performed-four patients (4.4%) with plates had complications, whereas none of the patients with nail removal did. Complications were found in six of 128 (4.5%) patients after tibia plate removal and two of 32 patients (6.3%) after nail removal. No revision took place in group D but in group C, in 10 out of 46 patients (21.7%) revision surgery was necessary, which was mostly due to hematoma (Table 3) .
DISCUSSION
Elective orthopedic implant removals performed at nighttime showed longer duration and higher complication rates, especially in the lower extremity. There was no influence of age.
In our study population, indication for implant removal was mostly related to patient́s wish (51.1%), 30% had pain and in 17%, mechanical irritation of tendons or tissue was present, similar to other authorś results. [35] [36] [37] [38] [39] [40] There are recommendations for implant removal but there are known risks 5, 6 and pain can get worse 10, 11, 20, 41, 42 Only metal allergy related pain disappears for sure. 4, 5, 41 Broad and stiff plates change elasticity of the bone which increases risk for fracture. 6, 16 Our results showed more complications with longer stay of the implant in situ in some regions: After fixation of a calcaneus fracture, patients showed more complications if the implant was not removed after 18 months. In the ankle region, implant removal is recommended after 6-12 months. 19 In our collective, patients with implant removal after 22 months or at nighttime showed more complications compared to patients who received implant removal after 14 months. Patients with post-operative complications had significant more revision surgeries before implant removal.
The results of this study show that the time of the surgery influences duration of the operation and therefore the occurrence of complications. Surgeries at night lasted significantly longer compared to those performed at daytime which is known for femoral neck fractures. 43, 44 In our patients, the surgeonś experience did not compromise the results regarding complications. Surgeries performed by a consultant lasted longer but the difference was not significant. Reason for this could be the grade of difficulty and technical demanding steps of the surgery performed by a consultant. 31, 32 Most complications occurred on the lower limb and the majority of these were minor complications (hematoma and wound healing problems). Patients operated on during the night showed significantly higher rate of complications including 10 revision surgeries that led to longer stay in hospital combined with higher costs.
Most complications occurred after implant removal of the tibia and calcaneus. Five out of 10 patients with complications in the tibia region needed revision surgery. A total of 13.6% of all patients after implant removal of the calcaneus showed complications, which were mostly wound healing problems. [10] [11] [12] 20, 42 In our cohort, we could not find any implant failure or intraoperative fracture after intramedullary nail removal of the femur, tibia or humerus. Patients after plate removal of the tibia had less pre-operative pain compared to patients with nails and was related to patients wish.
This study showed longer operation times and an increased risk for complications after elective orthopedic implant removal of the lower leg at nighttime. Setting issues, fatigue, and decreasing concentration of the surgeon and nurses could be responsible for this and lead to wrong decisions, mistakes, and failure.
This study has some limitations: First, in our study no re-fracture occurred during follow-up which is different to the literature and could be due to the careful after-care concept of our patients. 24, 27, 29, [45] [46] [47] [48] After 18 weeks, stability should be equalized. 46 Plates in long bones can change elasticity and increase risk for peri-implant fracture. 6, 16, 21 Second, the follow-up period was very short but then the aim of this study was to identify risk factors for early postoperative complications and not for long-term complications which can be subject of another study.
Patients with pre-operative pain before implant removal showed increased risk for post-operative complications. Therefore, pain as an indication for implant removal should be set in a critical light. Toms et al. describe pain relief after implant removal but other studies did not. 7, 10, 12, 46, 49, 50 Only metal-allergy related pain disappears immediately after implant removal.
5 Implant-tissue reactions should be recognized with respect to corrosion and metal ions which can lead to allergies and tissue damage. 17 It still remains unclear whether keeping the implant entails health risks but implants should be removed from growing bones in adolescents and children.
Localization should be considered and implants should be removed if they compromise range of motion or tendons. [7] [8] [9] [35] [36] [37] [38] [39] [40] Nerve injuries and re-fractures are rare but occur after humeral or forearm plate removal. 3, 25, 26 Intramedullary nail removal is not recommended by many authors. [1] [2] [3] 12, 13, 20, 50 Even though implant removal is one of the most common procedures in orthopedic surgery, its disadvantages should be recognized. 
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